ULTRASONIC VIBRATION APPARATUS 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an ultrasonic 
vibration apparatus such as an ultrasonic sensor used for 
detecting an object by transmitting and receiving ultrasonic 
waves • 

2. Description of the Related Art 

Hitherto, as disclosed in, for example, Japanese 
Unexamined Patent Application Publication No. 8-15416, 
Japanese Unexamined Patent Application Publication No. 8- 
237795, Japanese Unexamined Patent Application Publication 
No. 9-284896, and Japanese Unexamined Patent Application 
Publication No. 10-257595, ultrasonic vibration apparatuses 
such as ultrasonic sensors employ a construction in which a 
piezoelectric element having an electrode formed on a 
piezioelectric plate is mounted in a casing. 

Here, the basic construction of the ultrasonic 
vibration apparatus and an appearance of vibration thereof 
used for such conventional ultrasonic sensors are shown in 
Figs. 9A and 9B. Fig. 9A is a cross sectional view showing 
a state in which a piezoelectric element 1 is mounted inside, 
a casing 2. The casing 2 forms a cylindrical shape in which 
one end thereof serves as a disk-like vibration plate 2' and 
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in which the piezoelectric element 1 is bonded on the inner 
face of the end. When driving voltage is applied to the 
piezoelectric element 1, the piezoelectric element 1 
conducts a bending vibration at a predetermined resonance 
frequency. Similarly^ the disk- like vibration plate 2' also 
conducts the bending vibration . 

Thus, in the state in which the piezoelectric element 1 
is bonded on the vibration plate, the resonance frequency 
depends on the material of the casing 2, the thickness a of 
the vibration plate 2', and the diameter b thereof. 

In such conventional ultrasonic vibration apparatuses, 
the sizes of the vibration plate 2' influence not only the 
resonance frequency of but also the directivities of the 
ultrasonic waves at transmission time and at reception time. 
Generally, by widening the diameter of the vibration face 
and shortening the wavelength of the ultrasonic waves, 
directivity becomes narrowed. Accordingly, in an ultrasonic 
sensor in which narrow directivity is required, the outer 
diameter b of the casing is set to be large, further the 
thickness a is set to be great in order to set the resonance 
frequency to be high. 

However, when the apparatus is used as an ultrasonic 
sensor, because of restriction in the size in the outer 
diameter and restriction of the wavelength to be used, the 
narrow directivity cannot be obtained without causing the 
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apparatus to be large or without causing the operating 
frequency to be high. 

Furthermore I. the relationship that the directivity is 
determined by the area of the above -described vibration face 
and the wavelength is applied to, strictly speaking, a case 
in which the vibrating face is parallel -vibrating in a 
pis ton -movement manner and in which the ultrasonic wave is 
emitted as a plane wave. In the conventional ultrasonic 
apparatus in which the piezoelectric element is mounted in 
the cylindrical casing having simply one end thereof closed, 
since the vibration plate 2 ' performs the bending vibration 
as shown in Fig. 9B, the ultrasonic waves propagate through 
air as a spherical wave front. Therefore, there is a 
problem in that little advantage in obtaining a narrow 
directivity is achieved even though the vibrating area is 
widened or the wavelength of the ultrasonic waves is 
shortened . 

Fig. 10 shows the result of computation by a finite- 
element method (FEM) which is applied to the appearance of 
deformation in a vibration plate (the casing) due to 
vibration in a conventional ultrasonic vibration apparatus 
as shown in Figs 9 A and 9B. Fig. 11 shows the result 
obtained by computing directivity characteristics of the 
ultrasonic waves which are emitted by this deformation . In 
this excimple, an angle (directivity angle) required to cause 
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the sound pressure to be decreased up to -6.0 [dB] , that is, 
to cause the sound pressure to be halved, is as wide as 44 
degrees . 



SUMMARY OF THE INVENTION 

Accordingly, objects of this invention are to provide a 
miniaturized ultrasonic vibration apparatus showing narrow 
directivity characteristics without causing the frequency to 
be increased. 

TO this end, there is provided an ultrasonic vibration 
apparatus which includes a casing having a vibration surface, 
a piezoelectric element mounted in the casing, and, a disk- 

-i^^ supported at a position along a o±r<^^ 

defining two regions , , an inner region thereof and an outer 

ultrasonic vibration apparatus . the 
disk- like vibration plate is constructed so as to be a part 
of the casing serving as the vibration face, and the 
Piezoelectric element is mounted in the central part of the 
disk-like vibration plate, thereby causing the inner region 
and the outer region to vibrate in substantially the same 
phase . 

This allows a sound wave due to vibration in the inner 
region of the disk-like vibration plate and a sound wave due 
to vibration in the outer region thereof to interfere in the 
space in front of the vibration face of the vibration plate. 
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In a direction having the same phase, the energy of sound 
waves is enhanced. In a direction having the opposite phase, 
the energy of sound waves is offset. The position of the 
inner region of the vibration plate and that of the outer 
region thereof deviate in the direction of the plane of the 
vibration plate and they vibrate In the same phase. 
Therefore, a region having the same phase Is generated in 
the direction along the center axis perpendicular to the 
Vibration plate in front of the vibration face. m a 
diagonal direction deviating therefrom, a region having the 
two sound waves offset is generated. Accordingly, narrow 
directivity characteristics strongly directed toward the 
central axis can be obtained. 

In the ultrasonic vibration apparatus, the casing may 
be constructed having a cylindrical shape with at least one 
end thereof closed and a groove is provided in an outer 
surface in proximity to the closed end of the casing thereby 
constituting the disk-like vibration plate. 

This allows a part of the casing to serve as the disk- 
like Vibrating plate. m addition, a structure for 
supporting at a position along a predetermined concentric 
circle can be easily constructed. 

In the ultrasonic vibration apparatus, a flexible 
filler whose hardness Is lower than that of the casing may 
be filled in the groove. 
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This allows reverberation characteristics due to 
vibration in, particularly, the outer region of the 
vibration plate, to be improved. 

In the ultrasonic vibration apparatus , the ultrasonic 
vibration apparatus may be used for an ultrasonic sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs, lA, IB^ and IC are diagrams showing the 
construction of an ultrasonic vibration apparatus according 
to a first embodiment; 

Fig. 2 is a diagram showing the appearance of 
interference among sound waves emitted from a vibration face 
of the ultrasonic vibration apparatus; 

Fig. 3 is a diagram showing the appearance of 
deformation of a vibration plate thereof when vibrating; 

Fig. 4 is a diagram showing directivity characteristics 
thereof ; 

Figs. 5A, SB, and 5C are diagrams showing the 
construction of an ultrasonic vibration apparatus according 
to a second embodiment; 

Figs . 6A and 6B are diagrams showing example 
reverberation characteristics thereof; 

Fig. 7 is a diagram showing other example reverberation 
characteristics thereof ; 

Fig. 8 is a diagram showing directivity characteristics 
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thereof; 

Figs, 9A and 9B are diagrams showing the construction 
of a conventional ultrasonic vibration apparatus; 

Fig. 10 is a diagram showing the appearance of 
deformation of the vibration plate thereof when vibrating; 
and 

Fig. 11 is a diagram showing directivity 
characteristics thereof. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The construction of an ultrasonic vibration apparatus 
as an ultrasonic sensor according to a first embodiment of 
this invention is described with reference to Figs . 1 to 4 . 

Figs. lA, IB, and IC are cross sectional and top plan 
views showing the construction of the ultrasonic vibration 
apparatus. As shown in Fig. lA, a casing 2 forms a 
cylindrical shape having one end thereof closed and is 
molded by die casting or cutting of aluminum. The closed 
end of this casing 2 is formed in which, by providing a 
groove 3 in the outer surface of the casing which is in 
proximity to the closed end, the thickness in the emitting 
direction of the outer peripheral surface of the casing 
which is in proximity to the closed end is reduced, thereby 
this closed overall end constitutes the disk- like vibration 
plate 2'* At the same time, the above part having the 
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thickness thereof reduced constitutes a supporting unit 4 
for supporting the disk-like vibration plate 2'. 

As shown in Fig. ic, in the above supporting unit 4. 
the disk-like vibration plate 2' is divided into an inner 
region which is inside the supporting unit and an outer 
region which is outside the supporting unit. The disk-like 
piezoelectric element 1 is bonded in the central part of 
this disk-like vibration plate 2'. This piezoelectric 
element 1 is obtained by providing electrodes on both 
principal surfaces of the disk- like piezoelectric plate. By 
applying alternating voltage across the both electrodes, the 
piezoelectric element 1 conducts bending vibration. 

Fig. IB shows a state in which the disk-like vibration 
plate 2- is deformed when vibrating due to piezoelectric 
vibration of the piezoelectric element 1. As a consequence 
of bending vibration of the piezoelectric element 1, the 
disk-like vibration plate 2' also conducts bending vibration 
in which the supporting unit 4 serves as a node of vibration 
and in which the central part of the inner region and the 
outer peripheral portion of the outer region serve as 
antinodes . 

Here, the dimensions of the casing 2 are as follows: d 
= 9.4 mm, r = 16.0 mm, and a = i.o mm. 

The diameter of the piezoelectric element 1 is 7.0 mm 
and the thickness thereof is 0.15 nun. In this example. 
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resonance occurs at 80 kHz, and the inner region of the 
disk- like vibration plate 2' and the outer region thereof 
resonate in the same phase. 

Fig, 2 shows the appearance of interference among sound 
waves occurring due to vibration of the inner region and the 
outer region of the above vibration plate with respect to a 
plane passing through a center axis perpendicular to the 
vibration plate. Here, Wa represents the density 
distribution of the sound waves due to vibration in the 
inner region of the vibration plate for each moment and Wb 
represents the density distribution of the sound waves due 
to vibration in the outer region thereof for each moment. 
Thus, when the sound waves Wa due to vibration in the inner 
region of the vibration plate interfere with the sound waves 
Wb due to vibration in both the right-side and left -side of 
the outer regions thereof, the sound pressure is maximized 
having such a direction that a pair of condensed regions of 
the sound waves overlaps and that a pair of rarif ied regions 
thereof overlaps. The sound pressure is minimized having- 
such a direction that a condensed region thereof and a 
rarif ied region thereof overlap. This interference state is 
determined by the interval between the central part which is 
the antinode of vibration in the inner region of the 
vibration plate, and the outer peripheral portion which is 
the antinode of vibration in the outer region thereof ; the 



10 - 



wavelength of the generated ultrasonic waves; and the sound 
pressure of the ultrasonic waves generated in each part of 
the inner region and the outer region thereof . Therefore 
conditions are determined, as shown in this Fig. 2, for 
optimally interfering sound waves in the inner region of the 
vibration plate and sound waves in the outer region of the 
vibration plate such that great sound pressure is obtained 
in the forward direction which is perpendicular to the 
vibration plate and the sound pressure is weakened in a 
direction which deviates by a predetermined direction angle 
or greater from the front. Thus, desired narrow directivity 
characteristics are obtained. 

Fig. 3 shows the result of computation using a finite- 
element method (FEM) which is applied to the appearance of 
deformation of the vibration plate due to vibration of the 
ultrasonic vibration apparatus shown in Figs. lA to IC. Fig. 
4 shows the result determined by computing directivity 
characteristics of the ultrasonic waves emitted due to the 
deformation. m this example, an angle required for 
decreasing the sound pressure up to -6.0 [dB] , that is, an 
angle (directivity angle) required for having the sound 
pressure halved is 24 degrees, which is approximately half 
of 44 degrees shown as the conventional example in Fig. 11. 

Because of interference among sound waves from the two 
Vibrating sources (three when illustrated in the cross 
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sectional view) including one in the inner region of the 
vibration plate and one in the outer region thereof, regions 
for intensifying the sound pressures to each other are 
generated in directions which are widely separated laterally 
from the front. They appear as relatively large side lobes. 
However, the extent of the interference is slight and the 
sound pressure is approximately ^15.0 dB. Accordingly, they 
are substantially smaller than the main lobe at the front, 
which is insignificant. 

In the ultrasonic vibration apparatus having the 
construction shown in Figs. lA to IC, since the inner region 
of the disk-like vibration plate 2' vibrates primarily and 
the outer region thereof vibrates secondarily, after a burst 
signal for driving this ultrasonic vibration apparatus 
terminates, the outer region continues to vibrate. 
Accordingly, there is a risk in which reverberation 
characteristics degrade compared to a construction having no 
provision of the outer region. In order to solve this, the 
width of the supporting unit 4 should be increased. However, 
since Q and the coupling coefficient of the ultrasonic 
vibration apparatus decreases, there is a risk that basic 
characteristics, other than reverberation characteristics, 
such as sound pressure, sensitivity, and directivity may be 
deteriorated. 

Accordingly, the construction of an ultrasonic 
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vibration apparatus according to a second embodiment which 
solves the foregoing problem is described with reference to 
Figs. 5 to 8. 

Figs. 5A to 5C are cross sectional and top plan views 
showing the construction of the ultrasonic vibration 
apparatus. It differs from the ultrasonic vibration 
apparatus shown in Figs. lA to IC in that filler 5 is filled 
in the groove 3. As this filler 5, flexible filling 
material having a hardness lower than that of the casing 2 
is used. 

Fig. 5B shows a state in which the disk- like vibration 
plate 2 ' is deformed when vibrating due to piezoelectric 
vibration of the piezoelectric element 1. As a consequence 
of the bending vibration of the piezoelectric element 1 , the 
disk-like vibration plate 2' bending-vibrates in which the 
supporting unit 4 thereof serves as a node of vibration and 
in which the central part of the inner region and the outer 
peripheral portion of the outer region serve as antinodes of 
vibration. At this time, the filler 5 causes vibration in? 
the outerrregion to be damped."^ Therefore , after the burst I 
signal for driving this ultrasonic vibration apparatus is 
finished, vibration in the outer region is rapidly damped. [ 
As a result, reverberation characteristics are effectively { 
improved. 

Specifically, reverberation characteristics are shown 
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in Figs, 6 and 7 when the resonance frequency is 60 kHz, r = 
16 mm, d == 9.4 mm, a = 0.7 mm, the width of the supporting 
unit 4 is 0.5 mm, and the thickness of the piezoelectric 
element 1 is 0.15 mm. Fig. 6A shows characteristics in a 
case in which bonding silicone rubber having a hardness of 
50 and an elongation of 130% according to JISA, which is the 
Japanese Industrial Standard for rubber resin, is filled in 
the groove 3. Fig. 6B shows characteristics in a case in 
which such filler is not filled therein. Here, when a 
period from the start timing of the burst signal, which is 
the driving signal, having a duration of 130 \JiS , to a time 
at which the received signal decreases below 1[V] is set as 
reverberation time t, in the example in Fig. 6B, t = 8.0 ms, 
while a period from the start timing of the burst signal to 
a time at which voltage decreases below 1[V] in the example 
in Fig. 6A, i.e. duration of reverberation is t - 700 |lis, 
which is greatly decreased. 

Fig. 8 shows directivity characteristics of the above 
two ultrasonic vibration apparatuses. Thus, the tendency- of 
the sound pressure to drop in which the sound pressure is 
varied in accordance with deviation of the directivity angle 
from 0 degree becomes gradual due to filling of the above 
filler. Therefore, the angle (directivity angle) required 
for having the sound pressure halved is wider. However, in 
this example, the widened angle is small. 
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Fig. 7 is a diagram showing reverberation 
characteristics in which flexible filling material having a 
hardness of 20 and an elongation of 300 is filled in the 
groove 3. Thus, by softening the filler more than in a case 
shown in Fig. 6A, the reverberation time t: becomes as long 
as 13 40 |xs in this example. Instead, the narrow directivity- 
effect due to vibration in the above outer region is 
enhanced and the directivity angle is improved compared to a 
case shown in Fig . 8 . 

Thus, by appropriately selecting the hardness and the 
elongation of the filler, both reverberation characteristics 
and directivity characteristics can be determined to optimal 
values within a predetermined specified range. 



